Abstract: Linked Data represents the new trend in geoinformatics and geomatics. It produces a structure of objects (in a form of concepts or terms) interconnected by object relations expressing a type of semantic relationships of various concepts. The research published in this article studies, if objects connected by above mentioned relations are more similar than objects representing the same phenomenon, but standing alone. The phenomenon "forest" and relevant geographical concepts were chosen as the domain of the research. The concepts similarity (Tanimoto coe cient as a speci cation of Tversky index) was computed on the basis of explicit information provided by thesauri containing particular concepts. Overall in the seven thesauri (AGROVOC, EuroVoc, GEMET, LusTRE/EARTh, NAL, OECD and STW) there was tested if the "forest" concept interconnected by the relation skos:exactMatch are more similar than other, not interlinked concepts. The results of the research are important for the sharing and combining of geographical data, information and knowledge. The proposed methodology can be re-used to a comparison of other geographical concepts.
Introduction
Linked Data (detailed information in [1] or [2] ) is a trend of the current world of information technologies, including geoinformatics and geomatics (several examples of implementations of Linked Data in the geographical and spatial data domain were published in [3] [4] [5] ). The Linked Data approach enables us to publish various types of geographical and spatial data in highly interoperable way. The best description of Linked Data is provided by a 5-star rating scheme of Linked Open Data [6] . This ranking describes Linked Data as data sets under an open license (*) available in a machine-readable(**), non-proprietary format (***) ideally in a RDF (Resource Description Framework) standard (****). The last level (*****) is essential. It can be expressed by the sentence "Link your data to other peoples data to provide context" [6] . This statement is a key prerequisite for the development of the Internet of Things which is based on the vision of combination of "captured data with data retrieved from other sources, e.g., with data that is contained in the Web, gives rise to new synergistic services that go beyond the services that can be provided by an isolated embedded system" [7] .
There are a lot of bene ts of the Linked Data approach, but the key one is "the provision of integrated access to data from a wide range of distributed and heterogeneous data sources" [2] , which is strongly related to links between data sets or objects. But several authors (for example [8] or [9] ) point out shortcomings of the Linked Data approach. For example the article [9] mentions that the links between data sets are "too shallow to realize much of the bene ts promised".
The main principle of the Linked Data approach is a formation of links between particular data. These links can be based on various relations (such topological connections, part-whole relationship), but the relation expressing equivalence belongs to the most frequently used links (as it is evident from Vocabulary of Interlinked Datasets of important Linked Data sources). The goal of this article is to check whether the concepts representing the same geographical phenomenon from various Linked Data resources connected with links are more similar than the concepts expressing the same phenomenon, but standing alone. In other words if the Linked Data approach represents a trustworthy and reliable system interconnecting always the relevant concepts. Except the Linked Data domain the results and methodology of this study can be contributive for other activities connected to data and its un-derstanding such as ontology alignment, data harmonization or general data interoperability. As a domain for testing of above-mentioned assumption the geographical concept "forest" concept is used. The semantic research and evaluation of this very common concept was studied in previous works of Bennett [10] , Helms [11] or Comber [12] . A de nition and other information on the geographical concept "forest" is essential in dealing with tasks related to deforestation, landscape changes, protection of species, oods, production of oxygen etc. The article is structured as follows. Section Related works and terminology focuses on studies of geographical concepts, thesauri (as one of the most frequently used semantic tool for common users as well as the tool applying Linked Data approach), the SKOS standard (Simple Knowledge Organization System), which is used in thesauri, and the Linked Data approach. Then important publications dealing with geographical concepts, their specication, similarity and quality of links are introduced. The next section Methods introduces the principles of comparing "forest" concepts in various thesauri selected for this research. The part Results shows the outcomes of similarity of the compared concepts. The results, proposals of handling with geographical concepts in thesauri and continuation of the research are discussed and summarized in the last section Discussion.
Related works and terminology
This section is an overview of key theoretical terms used in this article (Essential terms) and an introduction of important background and related studies (Related studies) concentrated on several quality aspects of Linked Data (primarily links interconnecting equivalent or very similar concepts) and investigation of similarity of concepts.
. Essential terms
The following paragraphs focus on four crucial terms of this article: geographical concepts; thesauri, as one of the most frequently employed semantic tools for common users who are not usually experts in thesauri domain and therefore consider information provided by thesauri as reliable; the SKOS standard, used to keep the structure in thesauri; and the Linked Data approach.
The current world of geomatics, geoinformatics and other disciplines related to spatial data and information is connected to various tools and services dealing with semantics of data(for example thesauri, ontologies or controlled vocabularies). The semantic information has to enable better understanding, sharing, integrating and combining any geographical and spatial data. It also improves communication related to geographical phenomena and reduces misinterpretation of data and information. Tools, such as thesauri or ontologies, provide a set of concepts, including geographical concepts.
The term "geographical concepts" is mentioned in many publications focused on conceptual modelling of geographical information or geo-ontologies. In a majority of publications (e.g. [13] [14] [15] ), the de nitions of geographical concepts are quite vague. Geographical concepts are concepts with a relation to a location in a geographical space. The studies discuss above all the scope of geographical concepts. The scope can be very narrow, similar to gazetteers, including geographical objects such as cities or mountains, or it can be very broad, covering not only all locatable objects, but also concepts connected to geography and related elds (for example "volcano" or "ocean").
The term "geographical concept" proceeds from the general word "concept" in the context of ontological and conceptual modelling. Both terms "concept" and "geographical concept" are described and analysed in detail in [14] ). The term "concept" (or "conceptualization") appeared in Gruber's fundamental de nition of ontology in a sense of information sciences [16] . The term "concept" is described in publications [17] [18] [19] -"a concept can be anything about which something is said, and, therefore, could also be the description of a task, function, action, strategy, reasoning process, etc.". A connection between concepts and semantics is mentioned in [20] -"a concept may be anything: an animal, a technique, and so on. Operationally, a concept is the set of all terms used in all languages to describe the same idea." Authors are aware of many open questions and discussions on the correct definition and speci cation of the term "concept" (this fact is evident from the comparison above-mentioned articles and papers), but the scope of this document does not allow a broader presentation of this issues which deserve a special research.
Thesaurus, as one of the most important semantic tools dealing with concepts, is de ned as "a list of technical terms with relations among them, enabling generic retrieval of documents having di erent but related keywords" [21] . Holanda in [22] points out that "thesaurus is one, out of many, possible representation of term (or word) connectivity". The other de nition [23] speci es types of relations in thesauri "A thesaurus is mainly a controlled vocabulary -a domain-speci c vocabulary, made up of terms not words that are linked to one another by cross-referencing". Other de nitions and the evolution of the thesaurus concept are described in [24] . "The structure of a thesaurus is generally de ned a priori. A controlled set of words or expressions (terms) is organised in a known order and structure. The relationships between the terms (e.g. equivalence, homographic, hierarchical and associative) are displayed clearly and identi ed by standardised relationship indicators (e.g. BT broader term, NT narrower term and RT related term), which are employed reciprocally." [23] . It is necessary to mention that modern thesauri such as examples used in this research (see the section Methods) constitute an integral component of the Linked Data cloud (see linkeddata.org), because contained terms and concepts are usually linked to other thesauri and semantic tools.
Simple Knowledge Organization System (SKOS) is a standard¹ [25] provided by World Wide Web Consortium (W3C) to support the Semantic Web and knowledge organization systems, including thesauri². SKOS is based on XML (Extensible Markup Language). It is an implementation of the RDF standard. SKOS "consists of a set of RDF properties and RDFS (RDF Schema) classes that can be used to express the content and structure of a concept scheme as an RDF graph." [26] . According to [27] SKOS is based on "conceptual resources (concepts) which can be identi ed with URIs (Uniform Resource Identi er), labeled with lexical strings in one or more natural languages, documented with various types of notes, semantically related to each other in informal hierarchies and association networks and aggregated into concept schemes". The key design principles of SKOS, including history, rationale, particular components, mapping, relations and formal semantics, are explained in [28] .
The best description of the Linked Data approach, including concepts and several RDF-based standards such as SKOS, is provided by the 5-star rating scheme of Linked Open Data [6] . As mentioned in the section Introduction, necessary properties of such a type of data can be summarized as machine readable data under an open licence, which are stored in the RDF format. The most important property is a connection by links to external data. These links should interconnect concepts on the basis of relations that are de ned in various standards, for example SKOS or Web Ontology Language (OWL). Tim Berners-Lee [6] de nes that Linked Data are related to the two main standards URI and RDF. URI guarantees the mechanism of unique identi ers for each element. These identi ers are provided to create links between data. The RDF standard deals with triple data structure (subject -predicate -object), which enables us to describe all data and information in a universal way.
. Related Studies
The research focused on geographical concepts, their interconnection and similarity is very broad. As mentioned, this paper deals with the concept "forest". The essential publication "What is a forest? On the vagueness of certain geographic concepts" [10] was already mentioned in the Introduction. This article focuses on semantic research and evaluation of geographical concepts representing "forest" phenomenon. The ideas introduced in this article are expanded in further articles and papers dealing with geographical concepts [12, 30] , building geoontologies [31, 32] or implementing fuzzy logic approaches into the conceptualization process [33] .
In connection with the beginning of the Linked Data approach and the Semantic Web there are several studies evaluating the quality of information provided by relations between concepts. The authors of the article Towards Linkset Quality for Complementing SKOS Thesauri [34] test relations in the thesauri. Other studies [35] [36] [37] [38] [39] concentrate on the relation owl:sameAs as the key expression of equivalence between concepts in the language OWL. Ding in [36] proposes "a general strategy for integrating and fusing information from the URIs in an owl:sameAs network" based on various types of description.
In order to nd out the quality of links between concepts on the basis of provided explicit information it is necessary to investigate a similarity of the compared concepts. There are various approaches to investigate similarity (e.g. [40] [41] [42] ). For example in [41] there are presented three approaches: feature-based model, semantic-network based models (semantic distances) and information-content based models. Also the article [40] dealing with similarity of concepts in WordNet presents three types of calculating semantic similarity (edge-based methods, information-based statistics methods, hybrid methods) as well as many references. Feature based model is closely connected to Tversky's studies (e.g. [43] [44] [45] ). The Tversky-based methods are also mentioned in other publications, for example [14, 46, 47] .
The other approach of similarity measurements is based on the Formal Concept Analysis (FCA) [46, [48] [49] [50] . This method is commonly used for comparing of concepts in one ontological systems. Therefore it is necessary to merge concepts into one ontology.
Methods
The SKOS format uses the relation skos:exactMatch to nd out equivalent or very similar concepts. It is dened as follows "skos:exactMatch indicates a high degree of con dence that two concepts can be used interchangeably across a wide range of information retrieval applications" [25] . This description is vague, because there is not mentioned what the "high degree of con dence" means and how it can be investigated, computed or compared. Therefore, the following methods and their implementation result in the evaluation of the statement that geographical concepts related to the "forest" phenomenon and interconnected by the skos:exactMatch relation are more similar than self-standing concepts.
This section is divided into three parts describing particular phases of the research: 1. Selection of tested thesauri 2. Extraction of information from thesauri 3. Computation of similarity of the "forest" concepts in selected thesauri
The structure of this chapter is also depicted in deep on following Figure 1: .
Selection of tested thesauri
The tested thesauri were selected on the basis of several conditions, which had to eliminate unsuitable products. Because of following criteria thesauri such as TheSoz (Thesaurus Sozialwissenschaften), Deutsche National Bibliothek Thesaurus or RAMEAU (Rpertoire d'autorit-matire encyclopdique et alphabtique uni ) of Bibliothque nationale de France were not put into the research. This applies also to general concept resources such as DBpedia, Wikidata or WordNet. The selection criteria include: -Respected and well-known tools developed for a long time. -Containing a large number of concepts. -Tools generally focused on scienti c disciplines related to geography. -The thesauri contain the "forest" concept (and its description and relations) in English (to eliminate the risk of wrong translation). All selected thesauri contain a concept related to the "forest" phenomenon. These concepts are labelled as 'forest' (GE and LE), 'Forest' (ST) and 'forests' (AV, EV, NA and OE). All these forms of the noun were taken as equivalent.Extraction of Information The next step consists of collecting all explicit information provided by the thesauri. Thesauri usually provide four kinds of information on (not only geographical) concepts³ -explicit description, annotations or de nitions of concepts, information following from implemented hierarchy, other relations and links to external resources. There are three main semantic relations in the SKOS standard ( [24, 25] ) and thesauri, which are related to hierarchical system of concepts: skos:broader (BT) and skos:narrower (NT) de ne the hierarchy between two concepts. The property skos:related (RT) is used to assert an associative link between two SKOS concepts. The de nitions, descriptions and particular subjects of the above-mentioned relations are extracted to a word list (according to [12, 51, 52] ). This step limits the impacts of human interpretation of information. After concepts extraction from each particular thesaurus, several changes, for example transformation to singular or using only small letters, have been made to get a uniform set of terms. The word lists were written down as an XML le that was processed by XSLT (Extensible Stylesheet Language -Transformation) language to compute the similarity of concepts (see following chapter).
Next information extracted from source data consists in relations interconnecting "forest" concepts connected by the relation skos:exactMatch in various thesauri. The following schema (Figure 2) shows how are particular selected thesauri interconnected in case of studied concept.
. Computation of similarity
The similarity (Table 2 -Table 5 ) was computed for four main types of relations provided by the thesauri and mentioned in the previous section. A similar approach to compute similarity of various types of information separately was used also in [53, 54] , where the four types of similarity (syntactic, property, neighbourhood and context) is recognized.
The total similarity computed in our research was retrieved as the average of particular values ( Table 6 ). The similarity was computed according to Tversky (see Eq. 1, principles are mentioned in [44] , the formula was published in [43] ). A similar approach was used for example in [14, 46, 47] .
Sim(X, Y) = |X ∩ Y|/(|X ∩ Y| + α|X − Y| + β|Y − X|) (1)
Characters X and Y in the Eq. 1 represent the input sets (in this case the sets X and Y means particular list of words created by decomposition of information provided by thesauri). The parameters α and β were set to 1 (the Tanimoto coe cient as a speci cation of the Tversky index). Other coe cients such as Dice's coe cient (see Table 1 ) were tested, but the results were similar. Comparing Table 1 and  Table 4 there are evident the same distributions of maxima and minima (local as well as absolute) and also di erences between relevant values in both tables (coarse of function) are very similar. The correlation between both tables ( Table 1 and Table 4 ) equals 0,988. Except the similar character of outputs the important fact related to the selection of Tversky index is that this index is asymmetric (unlike Dice's coe cient). Therefore it is able to take into consideration a possible extension of research by some relations that are not symmetric.
The similarity was computed with the use of an XSLT template developed by the rst author. The template transforms the input data le containing all explicit information separated into the word list into an HTML (HyperText Markup Language) le. This HTML le contains the tables with particular similarities. 
Results
The comparison of similarity of "forest" concepts de ned in the above mentioned thesauri is summarized in the following tables showing particular aspects of similarity. Rows and columns of the tables represent the "forest" concept in concrete thesauri. The values (between 0 and 1) show similarity between particular concepts in thesauri. It is evident that the same concepts (on the top-left to bottom-right diagonal) show maximum similarity (value 1). The similarity is expressed by the Tversky index (see Eq. 1 in the section Methods). Table 2 shows the similarity of de nitions (or description) of the concepts. It shows one of the main problems of thesauri -missing explicit description in a form of de nitions or some other texts. Only three thesauri (AGROVOC, GEMET and LusTRE/EARTh) contain a detail speci cation of the "forest" concept. It is evident that GEMET and Lus-TRE/EARTh use the same de nition (adopted from [55] ). The similarity based on de nitions is computed without stop words (words only with syntactic information). As the equivalent terms all forms of words with the same meaning had been taken (this rule was kept in other analyses as well).
The following tables express the similarity of object relations, which are typical for thesauri based on the SKOS standard: broader terms (Table 3) , narrower terms (Table 4) and related terms (Table 5 )⁴. In order to summarize the similarity of particular concepts, average values from the previous tables (Table 2 -Table 5 ) were calculated (Table 6 ). Authors have tested var- ious weights of aspect of similarity, but nally all weights were considered as equal (set to the value 1), because for example the explicit descriptions or de nitions are the most important to understand the concept for humans, but the standardized and formalized object relations can be processed automatically. Table 6 contains three types of extreme values: 1. Similarity of the same concepts (the top-left to bottomright diagonal). 2. Similarity of the "forest" concepts in the GEMET and LusTRE/EARTh. The value 0,38 is the highest in comparison with other computed similarities. The reason is the fact, that both thesauri use the same de nition of the "forest" concepts. The example GEMET and LusTRE/EARTh illustrates another problem of skos:exactMatch relation and its implementation. While the "forest" concepts in LusTRE/EARTh is connected to the concept with same name in GEMET, there is not an inverse relation. 3. Entirely di erent concepts with value of similarity 0 include the following pairs: STW -EuroVoc and STW -OECD (none of these pairs is interconnected with the skos:exactMatch relation).
If the extremal value (0,38) is eliminated the set of similarity values is quite homogeneous. Figure 3 compares two histograms of values of similarity. White columns show the absolute number of similarity between noninterlinked concepts falling into each interval of similarity (the range of similarity is limited by values in Table 6 ). Grey colour represents similarity values interconnected to the skos:exactMatch relation. Also the following scheme (Fig. 4) presents the results of comparison. The particular thesauri are interconnected if the total similarity (Table 6 ) of the concepts "forest" in both thesauri is higher than 0. Therefore two couples (EV-ST and OE-ST) are missing as well as the extremal value (0,38). Black lines connects concepts interlinked by the skos:exactMatch relation, while the silver colour is used for not interconnected concepts. The width of the lines represents values of similarity according to the Table 6 . Values are divided into equal interval according the Fig. 3 . The line width is changing from 0 for the lowest interval to 9 pixel for the interval (0,09;0,10).
The both outputs ( Fig. 3 and Fig. 4) show the same results, that there is not a direct relation among interconnection of concepts and value of similarity. This results is supported by average similarity (after eliminating of extremal values which fall into both types of concepts) for interconnected (0,05) and not-interconnected concepts (0,04).
Discussion
From the results presented in the previous section, it is evident that in the case of the "forest" concepts and the selected thesauri the concepts interconnected by the skos:exactMatch are not considerably more similar than other concepts. This statement is based on following facts: -Random or non-ordered occurrence of interconnected and not interconnected concepts in the histogram (Figure 3) . It is not possible to say that the number of interconnected concepts tends to any side of the graph. -The similarity of interconnected concepts is higher (0,085 on the contrary to the similarity of noninterconnected concepts 0,049). But if the extreme values are removed (to have the data set more homogeneous and not in uenced by one very di erent value), the average similarity of non-interconnected concepts is even higher than the interconnected concepts (0,056 compared to 0,051).
Regarding the results of this research authors claim that a construction of relations expressing "a high degree of con dence"?? does not follow explicit semantic information provided by thesauri and other semantic tools. The highest value of similarity is 0,358. It is very low (maximum similarity is 1) to bear out the statement mentioned in the Introduction section -concepts representing the same phenomenon from various resources connected with links are more similar than the concepts expressing the same phenomenon, but standing alone. This fact is emphasized by the average value of similarity, which is also very low (about 0,05). It seems, that the semantic relations between the concepts are probably created on the basis of implicit semantics -subjective view of the authors, editors or the managers of the thesauri, their experiences with other semantic tools and similarity based on the name of a concept. The implicit semantics is not shareable in a wide or global community. Also processing of implicit semantic information by machines is impossible. Therefore, its implementation cannot support interoperability and sharing of knowledge e ciently.
The other reasons of the low similarity of the "forest" concepts are partially mentioned in the article [10] . Several premises of the geographical domain have been published, which contain sources of vagueness. Similarly to the mountains, marsh or thicket concepts (mentioned in [10] ) also the "forest" concept does not have "a precise, universally acknowledged de nitions" [10] .
The low similarity values are also caused by the use of vague terms in the de nition and very generic description of the studied relation (skos:exactMatch), which contains very general and non-speci c phrase "a high degree of con dence" [25] . According to [10] "'High' and 'dense' are adjectives, which give some indication of physical properties of a feature but do not specify any de nite measurable requirement. 'Very' accentuates vague adjectives but does not make them any more de nite."
Both mentioned cases of vagueness represent a combination of conceptual and sorites vagueness (mentioned in [10] ). The conceptual vagueness (closely connected to ambiguity) consists in inadequate explicit de nitions and descriptions (for example very poor or missing characterization of the "forest" concept in several thesauri, see Table 2 ). The sorites vagueness (based on the Sorites paradox) concerns various and very subjective viewing of several properties (for example "high degree").
The research introduced in this article has not been completed. The further steps of the research of semantic similarity of geographical concepts in semantic tools will be divided into four main parts: 1. Improving methods of similarity investigation and computation. For example in the research published in this paper the missing relations have the same value (0) as the existing relations, but without any similarities. Also other approaches to similarity computation mentioned above will be studied in more detail. 2. The set of tested geographical concepts has to be extended (general land cover and land use concept, because the publications [56, 57] declare important heterogeneities) as well as new resources of concepts will be added. 3. Description of relations and similarity by an approach based on multi-valued logic can be realized. 4. As a nal result of the long-term research, recommendations focused on building semantic relations with focus on context and any explicit speci cation will be published.
The goal of this article is to verify if selected geographical concepts representing the same geographical phenomenon from various resources and interconnected by a relation expressing very high a nity are really more similar than concepts standing alone. As a domain for testing the geographical concept "forest" is used, because the "forest" phenomenon and concepts representing this phenomenon are essential in dealing with tasks related to deforestation, landscape changes, protection of species, oods, production of oxygen, tourism, forestry etc. The set of studied semantic tools for testing was narrowed down include only relevant thesauri (AGROVOC, EuroVoc, GEMET, LusTRE/EARTh, NAL, OECD Macrothesaurus and STW Thesaurus for Economics) containing geographical concepts. Finally the skos:exactMatch relation, which means high a nity of interconnected concepts, was chosen, because the SKOS format is typically used in thesauri. The above-mentioned methodology proven at the "forest" concept can be easily used for broader set of concepts. This proximity of concepts was evaluated on the basis of computation of similarity of each type of explicit information provided by the thesauri. These types of information included de nitions, descriptions or annotations, hierarchical relations (broader and narrower terms) and semantic relation (related term). The content of subjects of these relations was decomposed into particular words (usually nouns) and the similarity was computed on the basis of Tversky's approach. Total similarity was gained as the average of four particular similarity values based on various types of relations.
The results show that in the case of "forest" concepts and the selected thesauri the concepts interconnected by the skos:exactMatch relation are not considerably more similar than other concepts. It is evident from the low correlation of the "is interconnected" property and the similarity of the concept, the histogram of similarity (Figure 3 ) and the average similarity of the interconnected and noninterconnected concepts. On the basis of the results of the research it is possible to claim that a construction of skos:exactMatch relation does not follow explicit semantic information provided by thesauri.
Results of this research can be used for further development of studied thesauri, because they should not be a de nitive solution, but live system absorbing new data, information and knowledge. Improvements of thesauri can consist in completion of inverse relations or extension, harmonization and standardization of explicit description and speci cation of concepts.
Regardless of results of our research Linked Data are a very important component of the contemporary world of information technologies. Linked Data enable us to interconnect self-standing and isolated data resources and objects. Since the links are connecting not only to data object, but also data objects and relevant items in vocabularies, Linked Data could contribute to better understanding and sharing of data. But there is a crucial question: are the particular components of Linked Data (primarily the links) really reliable? In the context of this article the question could be narrowed down -Are concepts connected by the skos:exactMatch relation much more similar than other concepts and is this similarity really high? The research published in this paper shows that the answer to above-mentioned questions is negative (at least in the case of the studied thesauri, concepts and the relations).
These results do not criticize the Linked Data approach and its implementation in geographical domain. They point out that Linked Data need clear and understandable descriptions with minimization of vague terms. These descriptions should be based on respected publications, standards and norms. They should follow a general consensus and o er alternatives, but only with detail explanation of meaning and ways of usage of such alternatives. Also, hierarchical and semantic relations have to be constructed on the basis of detailed external information and expert knowledge. The cooperation of semantic engineers and geographers (and other domain experts) is crucial. Also it is necessary to emphasize the key role of explicit and formal semantics and uniform approach to development of interconnections of geographical concepts. These recommendations could contribute to a better use of the amazing potential of Linked Data in the geographical domain. Authors are aware of unrealistic expectation related to complete eliminating of vagueness in geographical concepts in Linked Data. But it is necessary to mention that any particular improvements connected to providing less vague information support interoperability, more quality communication and information transfer. These small steps focused on semantics are a very important part of never-ending e ort for the Semantic Web.
